
RIO ATGOM CORPORATION
Lisbon Mine

LaSal Route
MOAB, UTAH 84532

May 9, 1980

In our case, the hiqhest aquifer is 1,0n0
from the station so the pressure head would be
.43 Ibs./sq. inch.

Both our ventilation and production shafts
18 feet in diameter and concrete lined.

Pressure = 430 1bs./sq,. inch
Area = 36,658 sq. inches
Perimeter = 679 inches
Shear stress = 85 Ibs.r/sq. inch '.

Plug length = 39.958 5_430 _ 273 inches679 x 85

22.7 6 f t.

Phone: (801) 259-5904

Mr. Ron Daniels
Coordinator of l4ined Land Development
Dj-vision of OiI, Gas and Mining
1588 h,Iest North Temple
Salt Lake Cit,y, Utah 84116

Dear Ron:

You may reca1l that I suggested that a 100 foot
concrete olug was a l-ot thicker than necessary. As
the cost of these pluqs has arisen due to your requiring
an escrow for the mine reclamation, T would like to
draw your attention to some proven facts.

The proven formular ds shown in the attached
information is:

Plug length = Area of plug x pressure head
perimeter of plug x shear stress

feet up

'dil6

This
plug. In
where the
be on top
and below

liAY 1 z BBa

o,L,;x3,8t,?fi.

assumes that all pressure is from below the
actual fact, there is seepage from the aquifers
shaft passes through them, so this water would
of the concrete plug and the pressure above
the pluq would be equalized and theoretically



Mr. Ron Daniels
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you would only require a
to prevent mixing of the
above the plug.

plug of infinite thinness
water below the pluq with

merely
that

Yours

M. D. Lawton
Manaqer

MDL: jem
Enclosures

Cc: Dave Bird,
Parsons, Behle & Latimer
File

sincerely,
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A further fcctor lvh-ich may be taken into account

in the siting of plugs is that of the working conditions
unC.er vrhich the i:lug 1s to be installed. One of the main

n snects i n thi s rt:gerd is that of ventilation, particularl;r(rplruv vt

i-n rrhotil m1nes. Obviously under emel'gency condi-tions' rro

wid.e chcice exists in selecting sites urhi-ch arer or: which

can be, aCequ:ltllY 'rtintileted.

DESIGN CONSIDERATIO}IS

xxami_nation of the }i-terature has revealed. that
very l_ittle has ]:een published on the design of und.er-

ground plugs. What lj-terature has appeared is largely
of academlc interest cnly and of little application io
the problens encor-urtered j-n South Africa.

FORI\{ULAE FOR CAICUIATING LEI{GTH OF PIUG

A number of forrnulae krave been derived for the

ealculation of the lerrgth of the p1u8r many of which

are based on the simple theory that the total thrust
on a plug is resisterl by punching sltea"r around its peri-
meter.

Haniel ancl lueg (Z) have derived an expression for
the cal-culation of plug length I'rhich is blsed oI1 the

assumption that the rnaximunl shearing,stress, which occurs

at about the micldle of the length of the plug, should"

not exceeC the i€rn'i ssiblc shear s tress of either the
drln'/\rlnrtino -ock nOf of the material Of which'the plug;jur a vu-rrulrr6 r

is constmcted".

The maxinum shear stress is cafculated. as being 1.5

times the averege shear stress, i"€.

Imax

where

-lF
La)

/.
-LfJ/sq. -l-J1.

total load on plug
surface area of contact between
plug ancl surrOurttling xock.

-L

!-

/tne ...
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The length ,lf the plug is then calculated from

1q
T,/max

where b ?rrao A *h nf n-l
",*u8

height of plug.

'Kege1 (B) cal-culates the minlmrrm length of e plug
on the assumption that the average shcar stress is not
greater than the perxnissible shear stressr so that

Fritzsche (g) gives the f ol_lovring formula for calcu-
lating the length of the plug in a cireular shaft;

'55x30'46r7'53
5'?7 s S

= 4.b vt.ttve ''t

: rs 9v

in whieh r = radius of shaf t 1n me-bres

p = wi.lter pressure k{sq,. c1[.

,,'f - allowable tenslle strength of
vralling or ccncrete kg/="t cIII.

For calcul-ating the length of a p1ug, ll- 1s taken

,,' ;;j ;? rnetres
li _*

to be I/IO compression strength.

Schluter and Abeles (10) have d.erived formulae
(Appendix II) for cal-cul-atJ-ng the dimensj-ons of plugs.

Xlsevrhere Kege1 (+) has presented fornnulae and

acceptable stresses for use in calculatlons for a timber
dam (Airpendlx IV) and for the mlnimum 'bhickness of rock

'rplugsil betlveen unclerground workings and area"s or strata
filled with water under pressure (Appendlx V).

Garrett and Campbell Pitt ( lf) who made observations
on the experimental plug at V{est Driefontein, have presented
graphs (Flgures ! and 10) based on d.ata on pressure
gradients through the plug whlch may be used. to ealcul-ate
the length of a plug. As the results of the work of these
au-thors 1nd"i-cate, a purely theoretical approach to the
problem is not entirely satisfactory, because of the other
factors, such as the na@, tle-nre-seffce
of geologici-rl f iggqlgS, etc. whj-ch have to be taken into

L_*

account in declding u ron the length of a plug.
/Inese ...
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These au-bhors have a1s3 suggested (11) a formula

for calculating the 1 ength of a plug from the height
and wiclth of the p1u5, the Pressurc on the plug and thc

conpression on the ::ock or concrete. The clerj-vation of'

this forrnula is given in Appendix vII, as is also e

slmph-f ietl f ornul a f or calculat j-on of pfug length suggested

by Gibbs and Buley (13).

The accuracy of these expressions has been questioned

by Ockleston (14) yrho has suggested a fornula based on

shear stress. The derivation of Ocklestonrs formuia is
given 1n Appendix vII, and also discussed under the

hecioing rrconslderations arising from Iecent experimental

vrork in South ltf rice"rr.

The Government Mining Engineer (15) (see also
tnr-ranrtiw Y) has laid dovrn the follorvlng formula for the
l!PIJ\SlrurL r\'/

calculation of the length of Plugs:

Plug length =

in which bhe val-ue for shear stress is in. -for

concrete plaged- in the normal rnantrer eind 120 lb,/sq. i-n.

for colgroutetl cc;trcrete plugs lrnere positive contact
between e

groutinfI.

The Ontario Depaltment of Mines [as pub]ished silecj--

fications (16) (see also Appendix IX) and' tables for use

in the design i-incl coustruction of r-i.ndergror.rnd cOncrete

bufkheacls and dams. For the sake of simirlicity of

calculrrtJ-on, the bulichead is desi-gned as a two-vray slerb

slmply supported on four sides. The thickness 1s cal-cu-

Iated for bending moment or shear, vrhichever j-s cri-tlcalt
with a rninimum value of three feet to allovr for proper

n-,l.'r,':(.i,rr-.ilt of the cottcrete.
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\TERTICAT, PIUG AT FREDDIES NORTH ].,EASE ARSA ],II{IT3D

Some cletails of ttie clesign an,1 constralction of a

vertical plug 1n l{o. 2 S}raf t, Freddies North f-,ease Areat
Trimited, have been given by Cooke (+9).

Calculations

The .16 f t. concrete plug v,i:'rs installed in a concrete-
l-ined flooded shaf t immedi-ately below the pump stationt
which is 11850 f t. below the collar', as part of the
operations eoncernecl with recovering the shaft whj-ch had

been flootiecl. The position of the plug in the shaft is
shown in Figure lB.

The dlnensj-ons of the shaft were +7 ft. x 11 ft.
lnside the concrete lining, with steel buntons 7 in. x 9 in.
spaced at 10 ft. vertical intervals a.nd 6 ft.9 j-n.

centres horizontallyr thus forming a seven-compartment
shaft. Two of the compartments were reserved for upeast
ventilation behind a 9 in. concrete brattice vra1l.
Permanent shaft col-umns had not at that time been instalfed
and the temporary columns comprised a 6 in. air ma.ln, four
11 ;- ^ f or wilter service ancL cementarti-on anJ aLZ Iil. J- c,rr6(' D

A ia -'i ^jvr^+ rrl . r'rsrrrg mal-n.

By ;rrovid.ing suitable pumping facilitle=^, the calcu-
l-ated pressure on the underslde of the plug r,vas not greater
than 42+ lb/sc1. in. vrhich was about 53/, of the pressure
n'hich the plug would eventually have to withstand.

The unclerside of the plug was at a dei..,th of l-,91-0 ft.
below surface, and, assuming that the head of water wast

s&yr 70 ft. befolv surface, the pressure on the plug
would be l

11840 x 0.43 =

=

lfithashaftarea
Total upthrust =

formula used
a

797 Lb/sq. in.
-^ />O tO.rrslSq. Ito
of ,L7 se. ft.

30,000 tons.

for ealculation of the thiclcress ofThe

wasnl rr -Piub

t^,
/'-Lnr_cKness
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Equlpcd wlth twp rc,ooo E.Fh.
Elcctrlc PutnF

4' hrmt DcllvcrY Column.

T{O.2 PUM? STATION.

,-Hpc Through Plug.

FLOOOID PoiTloti ol SllAFT.

Df,PTH 3OE7

l,lAltl
ffYfnD4f oIATE
F('If ITATION.

rlow colhr,

-{-Lesre-!9.



Thickness (in. )

o2)" '

Area of plug in srl . - in. . x }b. press/sc 'in'
ffit'irJ-ug in in. x K

(vulre::e K = .sJrear stress of concrete
+ lOO Lb./sq. in. )

42, in.
?R €+J) ! u.

Construction

- Because of the l-irnited time avai-lable in which to
./
construct the ?tug, the idea of stripl:ing the concrete
.:hef* lininr-.>hrr nrrttino hitches into the shaft vlalls VfaS

- **-----o callu vw u uf4r5 J

abandoned. The concrete for the plug was poured vrithin
the eoncrete shaft vralls. Adhesion of the plug to the

concrete shaft lining was obtained from the shear strength
of the IB enclose,f buntons and of about 600 steel pins

( olcl drill steel) which lvere inserted into the concrete

lining bef ore construction of the plug was star:tecl. -
Unevenness of the surface of the concrete lining also

cont:ributed to the adhesion of the plug to the concrete

shaft lining.

* In orcler to avoitl lea.kage of water either at the

plug/Lliniiig inter{ace or at the sheif t ltmn{shaf t wall
lnterface, provision w1s msde for cementating these

contacts by me.lns of 3i pipes in the pfug.

The positlon of these pipes is shovr-rr in Figure 19.

In additi-on, three cenentation ranges and three 4-in.
pipes were providecl. A platf orril was provideil to support

the concrete ptug, as shor'nrrr in Fj-gure f9'

Erectj-on of the platf orm instal-l-ation of thc 39

pipes, r'etnova.l o1' all guicles, c:i1:1es anil cther pipe:r t

and the inserti on 1n the siclevralls of the d.ril-l steel
pins occupiec 26 hours, and the pouring of the concrete

piug fie> cu. yd.) took 32* houirs.
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The concrete mixtr-rre used for
pl.ug ccnsisted of nine pnrts stone,
part cement (rapict hir-rclenj-ng) . No

the buntons referred to v\ias use'1.

thc first hrrl-f of the
s:-x llarts srind. ancl one

reinforcenient other than

/^zseCrLl]Se ...
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OPEFAT'OR:
l"lINFi NAME:
LOCATJCN:
,anl flil'-nV "

DATE:

Iiio A1i;om Cor-porati.on
Li stjon l'line (Tvo (2_)_.S 

"fUl_sec. 21 , 22, 21 ,28,'1.29 S., R. 2l+ E.
S:ln Jrran County, Utah
Sr:lrtember 11, \9'(6

STABIL] ZATiON
1. Sc'Il- pi--Fa:ai.iti: , ;',

ieyti.lilai,irrn, €'t ( .

?. Scsdjrrg or piar,i.ii:g.
3. Jonsi.rructicr: c,f i.e-r':'-lar's, ei,c.

1 .3-rlR
:i.
a. i

SA} I..II
;. i-',:.:t.'j.c:r crf' t'rir_ i!, ;:.:'t.ei cL-. :t--

: il6i r s L.!. .

Z " fr1-v;1i:',r&.I- c,t' rrt uii ;, i i.;s,.L i.,:i of
r:lp1-6E jv3 t:: l,'z:ldt':s ni.lei'ia1s"

.. 7\a.i i,'1 a _ i.rr.-. (... -

.!.rn --_....:

l.toNIToRl.Nc
1. ConLjnuing

s:inpling &

C),I iiER
1. fnflation

or period.ic mcnitc.ring,
'ue+ti-ng dseile d riecesssry.

I
I

I
Orra r; * -, r^n

CLNA},I_UP
1" iiemcvai of' st,ructures & r,l,:ipfient.,
2 " Remorral- of t.;ash & oe br; s "j. L'=;eiing cf arrci-t,.iti' fii-:lities

pads an<i acc ess r,-'sis 
"

llEr,FAD lllc & i< StlJN j-r.luF j IIG
1. Fa:''thu',r'k j:ict-'d!ng i',ai::.g,-. and

gl'adirrg of spcri. ls, ';i.ste and over-
brrrden"

2, Fec:,!rL.r'.,1irig cl lri6ir*a)-is rrrrd
e)l.:al attr:r.g .

3, I,pr eari:Lng crf '"-:'. i i.: su;{ic j.al
i'iral,L.riaiS"

10 yea.rs

i *?orAr, $ 151,,i67

SttbioLa,

DrVlSIOli CF Cli,, GAS, airD lfjh.l\G

EJIID :lSf:l"rATE

h'rJ,n ]\o. ACT/03'l / oot

i;,:urtt Fat e

J',h7.,i (s L'LtnQl;r is b,ased or

Prrtlur-'Li.on s
14'xl4'antd

-,7';---'d :r;d'

uft dLnensi.
irttt,vLor
sof

eriti/.ation T--.nn.rl

Cost

Srr.bstn.face p
vtJ oyrluu J uu

ugs uoul.d
to an ele LOn A

r
ned

(9
\/,

tuo
q. to

g^^^) uoc

70 men-120 ht s

26r000'3 of
cenent

( 2 ) sut,face
a€rnent caps

$ 1o/7u $ tz,ooo

z /,c+3

1 , 500.

7 8,000

3,000

{si;ooo
58,487


